A new kind of interstellar cloud is proposed. These are rare (just a few examples among ∼300 lines of sight) objects with the Ca I 4227-Å, Fe I 3720-Å and 3860-Å lines stronger than those of K I (near 7699 Å) and Na I (near 3302 Å). We propose the name 'CaFe' for these clouds. Apparently they occupy different volumes from the well-known interstellar H I clouds where the K I and ultraviolet Na I lines are dominant features. In the CaFe clouds we have not found either detectable molecular features (CH, CN) or diffuse interstellar bands which, as commonly believed, are carried by some complex, organic molecules. We have found the CaFe clouds only along sightlines toward hot, luminous (and thus distant) objects with high rates of mass loss. In principle, the observed gas-phase interstellar abundances reflect the combined effects of the nucleosynthetic history of the material, the depletion of heavy elements into dust grains and the ionization state of these elements which may depend on irradiation by neighbouring stars.
I N T RO D U C T I O N
The chemical composition of interstellar clouds cannot be easily determined observationally. Clouds contain both gas and dust. The latter cannot be penetrated by spectroscopic observations. Only a limited number of atomic lines are available to ground-based observations: typically these are Ca II (H and K) lines, the sodium yellow doublet, the red doublet of potassium and very weak lines of Fe I, Ca I, Li I and Rb I. In the near-ultraviolet, another doublet of sodium (near 3302 Å) is observed, as well as several lines of ionized titanium. Lines of other elements are only very seldom available to ground-based spectrographs; the vast majority of elemental resonance absorption lines can be observed only from space-borne instruments. One can only speculate whether the total content of certain elements is the same in every cloud or varies from object to object.
Doppler splitting in the lines of interstellar gases has been a well-known phenomenon since the late 1930s (Beals 1938) . HighBased on data collected using the Maestro spectrograph at the Terskol 2-m telescope, Russia; and on data collected using the ESO Feros spectrograph; and on data obtained from the ESO Science Archive Facility acquired with the UVES spectrograph, Chile. †E-mail:˙arctur˙@rambler.ru (AB); marizak@astri.uni.torun.pl (MK); pg@iftia.univ.gda.pl (PG); gala@boao.re.kr (GAG); ybialets@eso.org (YB); jacek@astri.uni.torun.pl (JK) resolution spectra usually allow us to resolve many Doppler components, proving that the sightlines toward distant stars intersect many independent clouds (Welty, Hobbs & Morton 2003) . It has already been demonstrated that the Doppler components of different lines sometimes do not share the same radial velocities. The latter phenomenon was found to be especially striking in the case of the molecular CH + feature versus those of Ca I and CH (Allen 1994) . Different radial velocities, inferred either from Na I D 1 and D 2 lines or from the Ca II K line, were reported by Sembach, Danks & Savage (1993) . Recent articles by Megier et al. (2005) and Galazutdinov (2005) confirmed this effect, demonstrating that Ca II fills the interstellar medium quite uniformly while the carriers of other spectral features (typically of neutral species) are concentrated in small, probably dense clumps. The other spectral features, behaving probably in the same fashion as Ca II, are those of Ti II (Stokes & Hobbs 1976) .
The last result proves that carriers of interstellar absorption features are not (or not always) spatially correlated. A set of interstellar absorptions, observed in a spectrum of a reddened star, may not be the spectrum of a well-defined environment but rather an ill-defined average of several environments, possibly characterized by different physical parameters. This motivates investigations of possible relations between Doppler components of different interstellar lines that share the same radial velocities. Single Doppler components probably form spectra of single clouds -relatively homogeneous environments. One of the most important results, derived from vacuumultraviolet satellite observations, is the presence of elemental depletions of the interstellar gas, since the amount of each element depleted has important consequences for theories of the formation of grains. Morton et al. (1973) analysed the interstellar absorption lines in spectra of five reddened stars, and found evidence that several elements were depleted compared with the Sun; a very similar result was found for the well-known star ζ Oph (Morton 1974) . This result was confirmed by Field (1974) , who also related the elemental depletion to the condensation temperatures of several heavy elements observed. The observations proved that some of them (Ca, Ti, Al, Fe, Ni) are severely depleted while some others (K, Na, Li) do not suffer strong depletion. The highest depletion (−3.6) is observed in the case of calcium (Welty et al. 1999 (it cannot, however, be demonstrated observationally!) that the total content of different elements in any interstellar cloud resembles 'cosmic abundances' and thus, lacking atoms of the elements characterized by high condensation temperatures (such as Ca or Fe), must be incorporated into dust grains (Savage, Cardelli & Sofia 1992) . Earlier results, based on (Orbiting Astronomical Observatory) OAO-3 Copernicus data, were confirmed using the Hubble Space Telescope (HST) high-resolution Goddard High-Resolution Spectrograph (GHRS) spectrometer [see Savage & Sembach (1996) for a review]; the HST GHRS spectrograms proved also that some Doppler components carried by ionized species do not have counterparts in those of neutral carriers. The latter phenomenon can be seen in Ca II lines acquired from ground-based observatories (Megier et al. 2005) . We demonstrate that some Doppler components of interstellar lines show unusual strength ratios, possibly caused by a combined effect of elemental depletion and peculiar chemical composition. This paper is based on extensive sets of spectra from three observatories: Terskol (Russia), the European Southern Observatory (ESO) La Silla and ESO Paranal.
O B S E RVAT I O NA L DATA
The present analysis involves spectra obtained during several observing runs between 1996 and 2003 using three echelle spectrometers: Maestro, Feros and the UV-Visual Echelle Spectrograph (UVES). is equipped with a Wright Instruments CCD 1242 × 1152 matrix (pixel size 22.5 × 22.5 µm 2 ) camera (Musaev et al. 1999) . The instrument forms echelle spectra which cover the range from 3500 to 10 100 Å, divided into up to 92 orders. The existing set of gratings and cameras allows several resolutions ranging from R ≡ λ/ λ = 45 000 through 80 000 to 120 000. The latter could have been applied only while observing relatively bright stars; in cases of heavily reddened, faint objects one has to restrict the observations to a lower resolution. The spectra reported in this paper have R = 80 000.
(ii) The second instrument is the Feros echelle spectrograph of ESO, La Silla, which has a fixed resolving power R of 48 000. This instrument allows us to get the whole available spectral range (∼ 3700-9200 Å, divided into 37 orders) recorded in a single exposure. The flat-fielding can be done very precisely in the case of Feros as it is a fibre-fed spectrograph, but this is not very important for measurements of equivalent widths of reasonably narrow features.
(iii) The third instrument is the UVES ESO Paranal spectrograph. We used the archived data: high-resolution spectra of O and B stars. The spectrograph has a resolving power R = 80 000 in the blueultraviolet range and R = 110 000 in the yellow-red range. Only this spectrograph allows observations in the ultraviolet range, i.e. below 3700 Å.
The selected targets are tabulated in Table 1 together with their basic data. All selected objects are reasonably reddened, hot luminous stars. We used the SIMBAD mean values for stellar parameters. 
R E S U LT S
In well-known 'normal' cases, the spectra of interstellar clouds demonstrate strong K I 7699-Å, Na I D 1 and D 2 and Ca II H and K lines; Fe I and Ca I ones are much weaker. The near-ultraviolet Na I doublet lines at ∼3302 Å usually are also much stronger than those of Ca I and Fe I. Among the spectra of more than ∼300 reddened stars we found just a few objects demonstrating unusually strong Ca I 4227-Å and Fe I 3720-Å lines -stronger than Na I ∼ 3302-Å as well as K I 7699-Å ones. The dominant Fe I and Ca I Doppler components reveal specific objects which we propose to name as 'CaFe' interstellar clouds. The data presented in this work can be provisionally divided into three groups.
(i) A vivid CaFe component: the cloud at ∼ −40 km s −1 seen towards HD 90177; and two overlapping ones at ∼ −50 km s −1 in the spectrum of HD 94910 (Figs 1 and 2 ). These clouds also produce strong Ca II lines and relatively weak sodium D ones, while K I (7699 Å) and Na I (3302 Å) lines are barely seen. Neighbouring components represent 'normal' clouds, which evidently occupy different volumes of space; no components of either features of simple molecules or narrow diffuse band 6196 Å can be associated with the CaFe cloud.
(ii) Evident but not so vivid CaFe clouds: a ∼12 km s −1 cloud seen in spectra of HD 152270; and a weak one at ∼9 km s −1 seen in spectra of HD 157038 (Figs 3 and 4) . The potassium line is still undetectable here and the accompanying Ca II and Na I features are much weaker than in the previous case.
(iii) Plausible candidates for CaFe clouds: HD 93250, 193237, 207198 and 210839 (Figs 5-8) . The strong Ca I 4227-Å line is not shifted far enough from the centres of the Na I or K I lines; one can only observe a radial velocity difference relative to molecular features. Very high-resolution spectra are needed to clarify this uncertainty.
HD 90177 = HR Car
This star is a well-known very massive luminous blue variable (LBV) with a high mass-loss rate, 1.8×10
−5 M yr −1 (White 2000) . The two-component infrared nebula around HR Car was well studied in a set of publications (e.g. Voors et al. 1997; White 2000) . The star is very distant (∼ 4.5 kpc) and thus the sightline probably intersects many clouds between the star and the observer. In a detailed study, Nota et al. (1997) presented a kinematical picture of the HR Car nebula and estimated its chemical composition. Concerning the latter, it should be noted that they misidentified the 6614-Å diffuse interstellar band (DIB) as being the Fe I line. Very likely, we observe a mixture of circum-and interstellar features towards this object. However, it is very difficult to distinguish between them.
HD 94910 = AG Car
The second best CaFe example is also observed in the spectrum of a very high-luminosity star. AG Car is the prototype of the LBV class and has been extensively observed from ultraviolet to radio wavelengths with different observational techniques over several decades. Detailed information on the star can be retrieved from e.g. Groh, Hillier & Damineli (2006) . The star resides in a region that is very rich in molecular gas with complex motions. The star is characterized by a very high mass-loss rate of 2.3-6.0 × 10
and is most probably surrounded by a circumstellar expanding shell (revealed by P Cyg-type line profiles) that provides the conditions of density and shielding necessary for survival of the detected CO molecules in the proximity of such a hot star (Nota et al. 2002) . Blueshifted components at ∼−60 and ∼ −110 km s −1 have counterparts in the components originating in the circumstellar shell -see Nota et al. (2002, fig. 8 ). However, only the cloud at ∼ −60 km s −1 shares its radial velocity with the CaFe cloud. It is thus difficult to decide whether the CaFe cloud is in fact a circumstellar object or whether the coincidence in radial velocities is just accidental.
HD 152270 = WR 79
HD 152270 is a spectroscopic binary with components WC7+O5-8 (Smith, Shara & Moffat 1990) . Complex variability of line shapes and profiles suggests a colliding wind in the vicinity of the system (Lührs 1997) . We found no data allowing us to connect the CaFe feature with circumstellar gas, e.g. a kind of variability in correlation with the orbital period of the system. Perhaps observations covering this 8-d period may help us to discover the variability of the CaFe cloud line intensities and/or positions. 
HD 157038
HD 157038 is a high-luminosity early-type star, having passed through the red supergiant phase and now evolving bluewards in the Hertzsprung-Russell diagram (according to Dufton & Lennon 1989) . There are no signs of the existence of circumstellar material around it, except a weak emission in Hα. The CaFe cloud here is not as strong as in the previously discussed objects but evidently seen at ∼9 km s −1 .
HD 93250, HD 193237 = P Cyg, HD 207198 and HD 210839
This group of four stars does not demonstrate evident CaFe clouds well resolved from 'normal' ones by means of Doppler splitting. All of them show a strong Ca I 4227-Å line which has no evident counterpart in Na I, Ca II or K I lines: their small radial velocity shifts put them inside the saturated profiles of strong interstellar lines. Perhaps very high resolution (R = 200 000 or higher), if applied, may allow a more confident separation of the CaFe clouds. HD 193237 (P Cyg) is one of the three best-known Galactic LBVs and belongs to the η Car complex. The star is one of the most luminous and massive objects in our Galaxy (Kudritzki 1980) . Its very high effective temperature, T eff = 52 500 K (Kudritzki 1980) , means that any cloud with neutral Na or K gas may survive only at a sufficiently large distance from the star and/or if it is shielded by a circumstellar disc.
HD 93250 is a very hot O star, practically without any emission features, so without a circumstellar shell. HD 207198 is a supergiant with the lowest mass-loss rate (∼ 0.8-0.9 × 10 −6 M yr −1 ) (Markova et al. 2004 ) of our sample. A strong Ca I line at ∼ −9 km s −1 and a strong (but unfortunately noisy in our spectra) line of Fe I are slightly redshifted relative to other interstellar features. Therefore we classify this cloud as a CaFe one. The spectrum of the star shows no signs of a circumstellar shell or a disc.
HD 210839 is a very hot O6 star, with a luminosity higher than that of HD 207198; its mass-loss rate is estimated as quite high (Markova et al. 2004) , and perhaps the star is a runaway object (Gies 1987) . However, our spectra of this star do not show any sign of mass loss, except some Hα emission. Underhill (1995) studied Hα profiles and supposed that their observed form results from blending of an emission line, formed as a result of infall from a circumstellar disc, and an absorption feature formed in the column of the average wind of the star projected against the face of the star. The CaFe effect is not evident, but a weak Ca I component near ∼ −2 km s −1 probably reveals a cloud of this type. Table 2 summarizes the column densities of Ca I, Na I, Fe I and K I of all observed Doppler components together with their radial velocities and equivalent widths; in the case of Na I they refer to the shorter wavelength member of the doublet. It is evident that the abundance ratios vary by several orders of magnitude.
D I S C U S S I O N
The typical weakness of the Ca I or Fe I lines observed in 'normal' H I clouds follows from the serious depletion of their carriers. In Table 2 . a cloud composed of pure atomic gas of solar composition, the Ca I 4227-Å line should be as strong as any of the members of the yellow sodium doublet (D 1 and D 2 ). Apparently a large fraction of the calcium and/or iron atoms are included in dust particles. It is also possible that the total chemical composition (i.e. involving both gas and dust) changes from cloud to cloud because of, for example, a nearby supernova explosion or a mass-loss process that takes place in the nearby stars. The observed intensity of atomic lines may also depend on the ionization of the observed clouds, but a serious change of the spectra would require a selective ionization which does not seem likely.
The atomic abundances of the gaseous component of the LBV nebulae might be different from the cosmic one at the time of the ejection as a result of several effects: (1) a fraction of C and O may have been locked into CO, and several atomic species may be depleted because of dust, in particular O and Si; (2) the nebula may have mixed with the gas of the interstellar bubble into which it was ejected; and (3) the nebula may have mixed with the wind from the star after it was ejected (Lamers et al. 2001) . Infrared studies of LBV nebulae have shown that they contain a significant amount of CO and dust (e.g. McGregor, Hyland & Hillier 1988) . Most LBV nebulae contain O-rich dust, with a small contribution of C-rich polycyclic aromatic hydrocarbons (PAHs). Thus dust is mainly in the form of amorphous silicates, such as MgFeSiO 4 and Fe 2 SiO 4 , plus a minor contribution from crystalline silicates, such as olivines and pyroxenes (Voors et al. 2000) . Different effects may have changed the gas composition of the nebula since it was ejected: mixing with the swept-up gas from the wind-blown bubble or with the gas from the faster wind of the central star, and depletion by CO and dust. The above processes may lead to the formation of CaFe clouds only if they are formed in circumstellar space. Various properties of our targets and the scarcity of the sample do not allow us to state definitely whether the CaFe clouds are circumstellar or really interstellar objects.
The CaFe clouds must be optically thin as the mass should be roughly proportional to the column density of Na I or K I; abundances of these elements are roughly proportional to the total hydrogen Table 3 . abundance (H I + H 2 ) -see Fig. 9 as they may only be slightly depleted. We have measured intensities of the K I lines in the spectra of all stars for which the hydrogen column densities have already been published (Savage et al. 1977) or (Rachford et al. 2002) . These measurements are collected in Table 3 . Apparently K I correlates reasonably well with the total hydrogen (Fig. 9) . The scatter is probably the result of the ionization of potassium -an element of very low ionization potential (4.3 eV). The neutral potassium is almost perfectly correlated with the neutral sodium (Fig. 9) . According to the published results of Savage & Sembach (1996) and Welty et al. (1999) , both sodium and potassium are of similar abundance in the interstellar gas (approximately 10 times lower than solar) and the depletion of iron is at least an order of magnitude greater; that of calcium, even more. The presence of CaFe clouds, apparently free of molecular species (at least they do not contain an observable amount of DIB carriers), must make a correlation between Ca I or Fe I lines and other interstellar absorptions quite poor as already demonstrated by Welty et al. (2003) . Fig. 9 demonstrates that the column density of iron in the gas phase remains roughly constant while that of K I is growing above a certain limit. Apparently, the fraction of iron (and calcium) atoms incorporated into dust grains grows proportionally to the mass of the cloud. Possibly these elements are fully consumed by dust particles in cloud cores and the observed abundances represent only peripheral layers. Interstellar clouds are exposed to the radiation of neighbouring hot stars, which may change their physical parameters significantly. In particular, a large fraction of potassium atoms could be ionized. Unfortunately, we cannot reliably measure the distances of interstellar clouds, and even those of stars are known with a rather limited accuracy. This limits the possibility of building a quantitative model of the depletion.
One of the important questions is whether CaFe clouds contain interstellar molecules and, especially, the carriers of DIBs, commonly believed to be some complex, carbon-bearing molecules. In Figs 1-8 we have compared the radial velocities of iron, calcium, sodium and potassium with those of CH, CH + and DIB 6196. The intrinsic wavelengths of the latter have been taken from Galazutdinov et al. (2000) . In this survey, DIB wavelengths have been estimated based on spectra of HD 23180 where almost no Doppler splitting is observed in interstellar lines (at least not of the magnitude seen in Figs 1-8) .
It is clear that both simple molecular species and the complex ones (DIB carriers) are typically situated in the clouds characterized by a rather strong depletion of heavy elements. Apparently, the CaFe clouds contain very little if any CH or DIB carriers. It seems thus ill-advised to determine the rest wavelengths of DIBs by measuring the radial velocities of interstellar clouds from current wavelengths of Fe I or Ca I lines. The correlation between the two latter is also far from being perfect. They do not behave in unison and thus the process of grain formation involving heavy elements is simultaneous. It is interesting to consider whether the CaFe clouds may be thought of as building blocks for more massive clouds. The currently available sample does not permit us to estimate the mass contained in CaFe clouds; we observe just a few of them. They have been discovered in the spectra of very luminous stars -the only objects that can be observed spectroscopically with high resolution and signal-to-noise ratio at large distances. This may suggest a relative scarcity of CaFe clouds. High-resolution spectra should allow us to make a statistically meaningful survey of these newly discovered objects. It is also important to survey extraterrestrial spectra to search for other elements that behave either like Ca I and Fe I or like K I and Na I. 
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